Objectives The aims of this study were to quantify salivary concentrations of bisphenol A (BPA) and to assess if presence of dental composite fillings is associated with higher BPA levels in saliva. Materials and methods Twenty individuals with six or more tooth surfaces filled with polymer-based dental materials (composite group) and 20 individuals without any polymer-based materials (control group) were included in the study. Saliva was collected in polypropylene tubes and stored at −80°C before analysis. Concentration of free (unconjugated) and total bisphenol A was determined by liquid chromatography/mass spectrometry (LC/MS). Values below limit of detection (0.1 ng/ mL) were set to one-half of the limit of detection. MannWhitney U test (one sided; the Exact Tests Option in IBM-SPSS version 21) was used for the statistical analyses. Results The concentration of BPA in saliva was very low. In the composite group, 8 of 20 samples had detectable concentrations of BPA. In the control group, 3 of 20 samples had detectable concentrations of BPA. Statistical analysis indicated that the concentration of unconjugated BPA was slightly higher in the composite group (p = 0.044) than in the control group. Conclusions Presence of dental composites may be associated with slightly higher concentration of unconjugated BPA in saliva. However, additional studies using sensitive analytical methods are needed before firm conclusions can be drawn. Influence from other factors, like food intake and time of the day for saliva sampling, must be considered. Clinical relevance The relative contribution of existing polymerbased dental fillings to total BPA exposure seems to be low.
Introduction
The health concerns regarding bisphenol A (BPA), a chemical that is widely used in the production of polycarbonate plastic and epoxy resins, have received increased attention during the last years. BPA is known to be an endocrine-disrupting chemical, which mimics oestrogen [1] [2] [3] .
Exposure to low doses of BPA has been associated with adverse health effects such as diabetes, heart disease, coronary artery disease, obesity, disorders of the immune system and reproductive disorders [4, 5] . However, the risk assessment of low-dose effects from BPA is controversial [6] and represents a challenge for the traditional regulatory health risk assessment [7] . In January 2015, The European Food Safety Authority (EFSA) reduced the recommended limit of tolerable daily intake (TDI) of BPA from 50 to 4 µg per kg body weight per day [8] .
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Polycarbonate plastic and epoxy resins, synthesized from BPA, are found in many consumer items such as food and beverage containers, plastic tableware, some types of receipts and numerous other products [2] . The primary source of BPA exposure to humans is assumed to be through diet, as BPA may leach from food packaging containers and drinking bottles [9] .
After oral intake, BPA is absorbed from the gastrointestinal tract and transported to the liver. Due to the "firstpass metabolism" in the liver and the small intestine, most of the BPA is conjugated from a bioactive, estrogenic form (free BPA) to a non-estrogenic form (conjugated BPA) [10] . However, toxicokinetic studies indicate that the conjugation is not complete and some unconjugated BPA remains in the circulation [10] .
Results obtained after extended fasting show higher-thanpredicted levels of BPA in human blood and urine [11] . This indicates that the BPA concentration in the body is reduced more slowly than expected based on the calculated half-life of the substance. Stahlhut et al. concluded that the explanation could be non-food exposure or even bioaccumulation [11] . Recent animal studies suggest that BPA can enter the body through skin [12] , oral and respiratory mucosa [13] . BPA absorbed via skin and mucosa would not pass through the liver before entering the systemic circulation, and thus, the unconjugated form could circulate in the body for a longer period before being metabolized. Given the potential for human health risks, the widespread use and the incomplete scientific knowledge about exposure routes imply that there is a need to identify sources of BPA and their relative contribution to the total exposure.
The majority of dental polymer-based filling materials contain methacrylates, some which are synthesized from BPA [14] . BPA has been detected in dental polymer-based restorative materials in varying amounts. It has been demonstrated that bisphenol A dimethacrylate (bis-DMA) in dental materials can go through hydrolytic degradation and be converted into BPA [14, 15] . It has been shown that bisphenol A diglycidyl ether methacrylate (bis-GMA)-based dental restorative materials have the potential to release BPA in vitro. BPA has also been detected in different sources of raw bis-GMA [16, 17] . Thus, BPA released from dental materials containing bis-GMA may be a result of the use of contaminated chemicals. In a clinical study by Kingman et al., which assessed salivary and urinary concentrations of BPA and other compounds after placement of new polymer-based fillings, increased concentrations of BPA were found in saliva within 1 h after treatment. However, in the two post-treatment periods (1-8 and 9-30 h), the saliva concentrations had returned to pre-treatment levels [18] . The authors observed a statistically significant decrease in BPA in urine within 1 h after placement, but in the latest post-treatment period (9-30 h after placement), the BPA concentration in urine increased with 43% compared with pre-treatment levels [18] . It is unclear if there is a low-level leaching of BPA from polymer-based dental restorative materials due to wear over time.
Since absorption of BPA via oral mucosa cannot be excluded [11, 13] , the local release of BPA from dental restorative materials may have an impact on the systemic exposure to unconjugated BPA.
The aims of the present study were to quantify salivary concentrations of BPA and to assess if presence of dental polymer-based filling materials is associated with higher BPA levels in saliva.
Materials and methods

Study population
From January 2013 to March 2014, 40 voluntary, selfreported healthy individuals, between 20 and 35 years of age, were recruited from three public dental clinics in Bergen, Norway. Patients eligible for participation were informed about the study at their regular dental examination.
Patients who consented to participate were given written information for perusal at home. Twenty patients who had six or more tooth surfaces filled with dental polymer-based materials were included in the composite group. The last fillings had to be placed at least 7 days before sample collection. Twenty patients without dental polymer-based fillings were included in the control group. Exclusion criteria for both groups were smoking, use of snuff, drug abuse, use of dental splints, dental prostheses and previous or current orthodontic treatment. In addition, dental students and dental health workers were excluded. All participants provided written informed consent.
Oral examination
A meticulous dental examination of each participant using loups, dental mirror, probe and air blow was carried out by one dentist. Total number of teeth, filled surfaces and type of restorative materials were recorded. The filled surfaces varied in size, and each filling surface was assigned a score from 1 to 3 depending on extension and tooth type [19] . The lowest score, 1, was used to denote small restorations. Score 2 was used to describe restorations of intermediate size, typically both the occlusal and approximal surfaces of class II restorations in premolars. The highest score, 3, was used on molars and was assigned to restorations extending over the entire occlusal fissure pattern and to the approximal parts of class II restorations [19] . Historic dental records, including information of materials used, were not available for all participants.
Saliva sampling
Both groups were instructed not to brush their teeth, use mouthwash, eat or drink and to refrain from having any object in their mouth for at least 2 h prior to saliva sampling.
At the day of sampling, the participants were asked about consumption of canned food the last week, if they had a job that involved handling of receipts and use of oral care agents. All sampling took place in the same dental clinic.
Saliva was collected while the participant was seated in a relaxed position in a dental unit chair. The individuals were instructed to do active cheek and tongue movements for 60 s, and the accumulated saliva was subsequently collected in a 15-mL polypropylene tube (Order number 62.554.001, Sarstedt AG & Co, Germany) which was checked to be free from BPA. The sampling continued until approximately 5 mL of saliva was collected. Sampling time was noted, and the sample tubes were marked with an ID-code and date for sampling and immediately placed in a refrigerator (4°C) and then stored at −80°C until they were packed with ice blocks and sent for analysis.
Determination of BPA in saliva
Staff members at the laboratory of the Division of Occupational and Environmental Medicine at Lund University, Sweden, analysed the saliva specimens using LC-MS. For the analysis, aliquots of 100 μL saliva were added with isotopically labelled internal standard for BPA (D 16 -BPA). For the determination of total BPA, the samples were digested with glucuronidase, and proteins were precipitated using acetonitrile. Free BPA in saliva was determined without use of glucuronidase. Concentration of conjugated BPA was estimated by the difference between total and free BPA. The samples were prepared in 96-well plates and analysed using a triple quadrupole linear ion trap mass spectrometer (QTRAP 5500; AB Sciex, Foster City, CA, USA) coupled to a liquid chromatography system (UFLCXR, Shimadzu Corporation, Kyoto, Japan; LC/MS/MS). In the analytical batches, there were two different in-house prepared quality control (QC) samples and chemical blanks analysed. The samples were prepared and analysed in duplicate, and the mean of the two concentrations was used. The limit of detection (LOD) was determined to 0.1 ng/mL. The method had acceptable between-day and within run precisions. The laboratory in Lund performing the analyses is a European reference laboratory for BPA in urine (http://www.eu-bm. info/democophes) and a reference laboratory for BPA in urine in the Erlangen Round Robin inter-laboratory control program. For a detailed description of the analytical method, see Appendix.
Statistical methods
The hypotheses to test were H 0 : concentrations of BPA in saliva are similar in the composite group compared with the control group; and H 1 : concentration of BPA in saliva is higher in the composite group compared with the control group. Data from the determinations of BPA in saliva was not normally distributed, and it could be expected that a large number of determinations of BPA in saliva could be below the limit of detection. Thus, the nonparametric Wilcoxon-MannWhitney U test was used to compare the groups [20] . Spearman rank correlation was used to test correlations between variables, and Chi square test was used to test differences of proportions between groups. Values below the limit of detection (LOD) were set to one half of the LOD in the statistical analysis [21] . The Exact Tests Option in IBM-SPSS (version 21) was used for the statistical computations. In addition, logistic regression was used for calculation of odds ratios for having detectable concentrations of BPA in saliva. Group (control group/composite group) and intake of breakfast before sampling (yes/no) were included in the logistic regression model. A p value <0.05 was considered statistically significant.
Power calculation
Reliable data for power calculations was not available, and thus, the following assumptions were made. If 75% of the individuals in the group with polymer-based dental fillings had detectable concentrations in saliva and 25% of the individuals in the group without such fillings had detectable concentrations, a study with 20 individuals in each group would have 96% power to show a significant result (with alpha set to 0.05 and using a one-sided Chi square test). For the power calculation, IBM-SPSS Sample Power (release 3.0.1) was used.
Results
The majority in both groups were women and the mean age was 24.2 years. At the oral examination, the patients in the composite group had a mean of 12.3 surfaces (SD = 4.7) filled with polymer-based dental material which corresponded to a mean sum score of 32.2 points (SD = 15.2). Mean salivary flow rate was similar in the two groups. Two participants in the control group and six in the composite group had breakfast before saliva sampling. Characteristics of subjects in the composite group and the control group are shown in Table 1 .
The concentration of BPA in saliva was low in both groups. Most values were below the limit of detection (0.1 ng/mL). In the composite group, 8 of 20 (40%) had detectable concentrations of free BPA in saliva and 3 of 20 (15%) in the control group. The difference between the groups regarding proportions of detectable concentrations was not statistically significant (p = 0.078, Chi square test; one-sided exact test). The estimated mean concentration (0.12 ng/mL) of free BPA in the composite group was slightly higher compared with the control group (mean value below limit of detection).
The composite group had statistically significant higher concentration of BPA in saliva (p = 0.044; Mann-Whitney U test; one-sided exact test) compared with the control group (Table 2) .
Four individuals in the composite group had fissure sealants (Delton; Dentsply International Inc) in addition to composite fillings. Two of these had detectable concentrations of free BPA in saliva; however, the participant with the highest number of surfaces sealed with Delton (8 surfaces) had values below the limit of detection.
Almost all BPA in saliva samples was free. Conjugated BPA could generally not be detected. Data from a regression analysis using concentration of total BPA as independent variable and concentration of free BPA as dependent variable indicated a statistically significant correlation and a close 1:1 relationship (Fig. 1) .
Other potential factors that could contribute to the variation of free BPA in saliva are given in Table 2 . Only intake of breakfast, even though more than 2 h before sample collection, showed a statistically significant effect (p = 0.003).
Interestingly, there was a tendency that the duration for sample collection had an influence on the concentration of free BPA in the samples (Spearman correlation coefficient 0.303, p = 0.057) ( Table 3) .
No statistically significant association between number of surfaces filled with polymer-based materials, and concentration of free BPA was found (Spearman correlation coefficient 0.209; p = 0.195). Neither was there a significant correlation between size of the fillings (as measured by points) and concentration of free BPA (Spearman correlation coefficient −0.245; p = 0.299). Thus, there was no evidence of a doseresponse relationship (Table 3) .
Analysis by logistic regression including both "group" (composite group and control group) and "intake of breakfast" (yes/no) as independent variables indicated that the odds ratio (OR) for having detectable concentration of free BPA in saliva was significantly higher for individuals who had had breakfast the day of sampling (OR 5.77, 95% CI 1.01 to 32.8; p = 0.048). Group membership (being in the composite group compared with the control group) was not significant in the model (OR 2.85, 95% CI 0.57 to 14.3; p = 0.202). Inclusion of the variable "number of surfaces filled with Delton" did not change these odds ratios significantly.
Discussion
This study investigated the relationship between existing dental polymer-based fillings and BPA concentration in human saliva.
Presence of polymer-based filling materials was associated with slightly elevated concentration of free BPA in saliva. In addition, the concentration of total BPA was higher, but not significantly higher, in the composite group compared with the control group. However, since the levels of BPA in saliva were very low and the difference between the composite group and the control group was small, there was no convincing evidence of existing polymer-based restorative materials as an important source of BPA in saliva.
Approximately all detected BPA in saliva was free and not conjugated. This may indicate that BPA found in saliva is either from local exposure (e.g., released from the fillings) or external contamination of the samples (in conjunction with sample collection) and not derived from blood. BPA derived from blood would most probably be in the conjugated form [22, 23] .
In other studies on BPA in saliva, slightly higher concentrations were reported [18, [24] [25] [26] [27] compared with concentrations found in the present study. LC-MS was used in the studies by Kang et al. (2011) and Kingman et al. (2012) . In both studies, the effects from placement of new polymer-based dental fillings on the concentration of BPA in saliva were examined. The mean values before treatment were estimated to be 0.43 and 0.46 ng/mL, respectively. However, since both mean values were below the detection limits of the methods used, the given mean values may be overestimated. reported a mean value of 0.42 ng/mL saliva in an unexposed control group and 0.90 ng/mL saliva in the group exposed to more than 4 tooth surfaces with dental sealant. In the studies by Zimmerman-Downs et al. (2010) and Sasaki et al. (2005) higher mean values at baseline were reported (1 and 0.87 ng/ mL, respectively). Even though ELISA is claimed to be highly sensitive [28] , there may be interferences which may provide uncertainties [29, 30] , and thus, results obtained with ELISA should be interpreted with caution.
Sample collection procedures may also have influenced the results. For example, in several studies, no restrictions of food intake were described. The intention of our study was to collect all samples in the morning before intake of breakfast. However, due to some participant's schedule, appointments had to be made throughout the day. We expected that 2-h clearance after food and drink intake should be adequate to avoid effects from the dietary intake. However, the results of the present study indicate, to our surprise, that food restriction the last 2 h before sample collection may not be sufficient. According to this, overnight fasting could be important in order to avoid effects from the diet in future studies.
On the other hand, there was a tendency that time of the day of saliva sampling could be of importance. Since BPA is a wide-spread chemical which may be found ubiquitously and even in dust, it could be hypothesised that the risk for contamination of the samples could increase due to increased BPA contamination in air (dust) throughout the day in the dental clinic [31] . This may be a major problem for biological monitoring of samples with very low concentrations. A possible variation of the salivary concentration of BPA during the day needs to be studied further.
One strength of the study is that the limit of detection of the method was low and the analyses had high precision and low variability. Free BPA and total BPA were determined in separate analyses. Thus, concentration of conjugated BPA could be estimated. Another advantage of this study is that two distinct groups with and without polymer-based restorative materials were included. In addition, the saliva sampling was carried out after standardized clinical procedure by one dentist and in the same dental clinic.
However, this study also has some limitations. It was not possible to obtain complete information regarding the materials used. Since the content of BPA-derivatives in the materials may vary considerably [17, 32] , some fillings may have the potential to release more BPA than other. If only a fraction of the individuals with polymer-based materials is exposed to measurable amounts, it cannot be excluded that the number of individuals needed to be included in a study would be considerably higher. In a newly published paper [33] , it was concluded that it was possible to measure BPA in serum if all steps in the collection and the analyses of the serum were controlled for BPA contamination. In this work, it was not possible to control, e.g., for the sampling of the saliva. Thus, a possible contamination of some sample must be considered.
We used a one-sided hypothesis allowing higher power. This restricted the possibilities to conclude if the control group, for any reasons, would have higher concentration of BPA in saliva compared to the composite group. However, it is difficult to imagine that exposure to dental materials known to contain traces of BPA would result in lower concentrations in saliva than in a control group without dental polymer-based fillings.
Conclusion
The contribution from existing polymer-based dental fillings to total BPA exposure seems to be low, and thus, the potential risk for adverse effects related to this exposure is limited. Time of the day for sample collection may influence the concentration of BPA in saliva. Additional information regarding the exposure to BPA after placement of new polymer-based restorations using sensitive analytical methods is needed.
